234            SOME PHYSICO-CHEMICAL THEMES
Further light is thrown upon the question of surface
phenomena when the case of solutions is considered. Every
free liquid surface tends to diminish its energy as far as
possible. For example, a small drop of mercury will assume
the spherical form because in the sphere the ratio of volume
to surface is the greatest possible; so that by rearranging
itself into a sphere, the mercury reduces its surface and con-
currently its surface energy.
In the case of a solution, the liquid may diminish its
energy in two separate ways. In the first place, it may
behave like mercury and reduce its surface as far as possible
by contraction. Secondly, it may suffer a reduction in surface
tension by altering the concentration of the solution in the
surface layer at the expense of the remaining solution. Thus
we may expect to find that the concentration of solute is
different in the surface layer (surface concentration) than it
is in the remainder of the liquid (volume concentration).
The relationship connecting concentration and surface
tension has been derived in various ways,1 of which the fol-
lowing seems the simplest. Let w be the surface area of a
solution which contains one gramme-molecule of the solute
in excess of the concentration in the main bulk of the solution;
and let a be the surface tension. Assume that a very small
quantity of solute x enters the surface from the solution and
reduces the surface tension by da. The energy corresponding
to this is wda". and this quantity of energy must obviously
be equal to that which is required to remove the same quantity
of solute x from the solution. This latter quantity of energy
is obviously the energy required to overcome the osmotic
pressure produced in the solution by the given quantity of
solute x. Let v be the volume of the solution which con-
tains unit weight of solute and let dp be the difference between
the osmotic pressure before and after the removal of the
solute quantity x; then the energy employed is vdp. Since
the two quantities of energy are equal, and opposite in sign,
then
wdo- + vdp = 0
1 Gibbs, Trans. Connecticut Academy, 1876, 3, 439; J. J. Thomson,
Applications of Dynamics to Physics and Chemistry, 1888, p. 190; Freimdlich,
Zeitsch. physical. Chem., 1907, 57, 385 ; Milner, Phil Mag., 1907,13, 96.